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THE TREATMENT OF REVERSIBLE UREMIA*
Few clinical problems tax the ingenuity, judgment, and patience of the
physician as much as does the treatment of the patient with renal decom-
pensation. The inexorably downhill course of patients in the terminal stages
of chronic glomerulonephritis is well known. It has been summed up in the
words of Page: "It is, I think, a therapeutic achievement when the patient
walks into the hospital and dies a few days or weeks after admission."'
Perhaps understandably, the attitude of the physician called upon to treat
such a patient is often tinged with hopelessness and resignation.
It is not widely enough appreciated that even in a patient with advanced
nephritis, renal decompensation can be at least partially reversible. Far
from being standardized or consisting chiefly of masterful neglect, treat-
ment of the uremic patient should and can be highly individualized, predi-
cated on sound physiological principles, and motivated by a careful and
systematic search for those contributory causes of renal decompensation
which can be completely or partially reversed by treatment. Table 1 lists
some of these causes.
TABLE 1. REVERSIBLE CAUSES OF RENAL INSUFFICIENCY
1. Congestive heart failure 5. Alkalosis
2. Infection 6. Potassium depletion
a. Pyelonephritis 7. Hypercalcemia
b. Bacterial endocarditis 8. Anemia
c. Systemic infection 9. Self-limited acute disorders
3. Dehydration a. Acute tubular necrosis
4. Hyponatremia b. Acute glomerulonephritis
The chief functions ofthe kidneys are to remove metabolic waste products
and to maintain a constant composition and volume of body fluids. A high
level of urea (the most important constituent of the non-protein nitrogen)
in the blood, although not in itself harmful, is a useful clinical index of the
inability of the kidney to perform these functions properly. As an easily
measured index, then, it has an important relation to the functional reserve
of the kidneys.
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The quantity of urea (Q) formed and excreted is fairly constant from
day to day and is related to the amount of protein metabolized. Under most
circumstances, its excretion is in direct proportion to the amount filtered by
the glomeruli, and is therefore proportional to the product of two variables:
Q-=kGFR X P
where GFR = glomerular filtration rate, P = plasma level of urea
= concentration of urea in glomerular filtrate, and k is a proportionality
constant. Figure 1 illustrates this relationship.
It is apparent that although the concentration of urea in the plasma varies
inversely with glomerular filtration rate from the very first reduction in
the latter, one-half to three-quarters of both kidneys can be removed before
the NPN is necessarily elevated above "normal" limits. Fully two-thirds of
both kidneys must be removed before concentrating power is impaired.'
Conversely, if on a normal diet the NPN is elevated in what appears to be
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unilateral renal disease, the function of the opposite kidney must be assumed
to be reduced.
In a very rough way, we may generalize the relationship between func-
tioning renal tissue and the signs and symptoms of renal failure in the same
fashion, as in Figure 2. The hyperbolic curve clarifies some aspects of the
course of chronic progressive renal disease. One can visualize a slowly
progressive process, relentlessly destroying renal substance, which is rela-
tively asymptomatic for many years. When the limits of renal reserve are
reached, symptoms appear in swift succession, and the patient goes rapidly
downhill, though there may be little actual acceleration of the rate of
pathological destruction of the kidneys.
Oversimplified though they may be, these graphs provide a certain
background and philosophy for the treatment of renal disease. The less
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kidney tissue there is remaining, the more difference a small increment in
function makes to the patient. The extent of damage which is reversible is
therefore tremendously important. The task of the physician in the treat-
ment of advanced renal disease is to salvage every last bit of renal function
-every last nephron! A small improvement in function may make the
difference between life and death for the uremic patient.
CONGESTIVE HEART FAILURE
A reversible disorder frequently contributing to renal decompensation is
congestive heart failure. Digitalization of the patient in heart failure is
usually followed by an increase in glomerular filtration rate and renal blood
flow, as well as improvement in other renal functions.7'9 In patients with
apparently normal kidneys, congestive failure may produce albuminuria,
casts, and red cells in the urine; however, in such cases the urine is usually
of high specific gravity and the NPN rarely over 50-60 mgm. per cent, and
practically never as high as 90-100 mgm. per cent.9 In patients with chronic
renal disease, on the other hand, a failing heart may make the difference
between renal compensation and progressive uremia.
In chronic nephritis, heart failure is most often secondary to the associ-
ated hypertension. In certain instances it may be acutely related to serum
electrolyte abnormalities, such as low concentrations of serum sodium or a
high serum potassium. In acute glomerulonephritis the reason for the heart
failure which is frequently present is not known. It is not clearly correlated
with the degree of hypertension and may occur in its absence. With hypo-
albuminemia, which is almost universally present to some degree in these
patients, edema formation can occur with correspondingly less elevation of
venous and capillary pressures. Thus, occasionally a patient may have
considerable edema without apparent dyspnea at rest, orthopnea, pulmonary
rales, or measurable elevation of the venous pressure, and still be in heart
failure. In such a case it may be advisable to digitalize the patient as a
therapeutic test. Not infrequently there will be a moderate diuresis and, as
edema subsides, improved renal function will be reflected in a falling NPN.
INFECTION
A second important reversible cause of renal decompensation is infection.
Active destruction of renal tissue by pyelonephritis may take place without
producing fever or shaking chills, leucocytosis, burning or pain on urina-
tion, or tenderness in the costovertebral angle. Although these symptoms
are usually prominent in an attack of acute pyelonephritis, the only clue to
the presence of active renal infection may be the presence of white cells and
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bacteria in a clean or catheterized urine. Every patient with chronic renal
disease deserves a urine culture and treatment with the appropriate anti-
biotic if an infecting organism is found. The use of inlying bladder catheters
should be avoided wherever possible in patients with chronic renal disease.
They invariably lead to infection, often with organisms resistant to anti-
biotics, and may initiate a necrotizing cystitis. In patients wth neurogenic
bladders-frequently seen in long-standing diabetes or after poliomyelitis-
a stubbornly persistent urinary infection may only be controlled when the
bladder is helped to empty completely of its residual urine by the use of
parasympathomimetic drugs like prostigmine, urecholine, or furmethide.
Superimposed acute infection may occur in any form of chronic renal
disease as well as in chronic pyelonephritis, as illustrated by the following
example:
A middle-aged man with polycystic kidneys had been nauseated for a few
days and had vomited on the day of admission. On admission to the hos-
pital he was dehydrated, feverish, and somnolent. His urine was grossly
infected with paracolon bacillus sensitive to aureomycin. His NPN was
210 mgm. per cent, with a serum bicarbonate of 14 mEq/L. After intra-
venous saline and glucose he looked a little better and in 10 days specific
treatment had cleared his acute urinary infection and brought his NPN
down to what for him was a basal 125 mgm. per cent. He was eventually
able to leave the hospital and return to his part-time desk job.
In an age of antibiotics, in which bacterial endocarditis can be success-
fully treated, it is important to remember that one of the ways in which this
disease can present is as advanced renal failure. The pathological picture is
that of a diffuse glomerular nephritis, with focal areas of infarction,
proliferation of the glomerular capsule, and capillary thrombi.
Systemic infections-pneumonias and abscesses-as well as infections of
the kidney, frequently seem to have a rapidly deleterious effect on renal
function in patients with little renal reserve. As a matter of fact, starvation,
fever, and injury of almost any type will accelerate the development of
azotemia by increasing the breakdown of protein and the load of nitro-
genous wastes requiring excretion. Conversely, when these are controlled,
the patient may again regain compensation.
OBSTRUCTION
It is important when first faced with a patient with renal insufficiency to
consider the possibility of lower urinary tract obstruction. The patient with
chronic prostatic retention or urethral stricture, with overflow incontinence
and infection that can only be cleared by the draining of a pool of stagnant
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urine, may improve remarkably when his bladder is allowed to empty nor-
mally. One might predict this from animal experiments in which an acute
elevation of ureteral pressure regularly caused a decrease in glomerular
filtration rate.' Chronic partial obstruction, with hydronephrosis and partial
pressure atrophy of renal tissue, results in depression of many renal func-
tions,1' which is at least partially reversible when the obstruction is relieved.
A flat film of the abdomen should be part of the initial workup of every
patient with uremia and oliguria, since calculi may obstruct both ureters
simultaneously or a single ureter when one kidney is absent. Failure to
investigate the possibility of ureteral obstruction in cases like these may be
as disastrous as too vigorous instrumentation of the urinary tract in chronic
nephritis or acute tubular necrosis.
Patients with obstruction, hydronephrosis, residual urine, and consequent
infection frequently do not show the widespread vascular damage, hyper-
tension and circulatory deterioration associated with chronic glomerulo-
nephritis or malignant nephrosclerosis. Partly for this reason perhaps, at
the same level of renal decompensation, their prognosis is much more
hopeful.
DEHYDRATION
An extremely common sequence of events leading to deterioration of a
patient with chronic renal disease is the vicious circle of dehydration. Con-
traction of extracellular fluids leads to a decrease in glomnerular filtration
and a diminution in urine flow. This further diminishes the excretory
efficiency of an already damaged kidney. Nitrogenous waste products start
to accumulate in the blood and the patient becomes slightly nauseated and
may vomit. This further depletes the extracellular fluid. Cardiac output may
fall. There is a tendency to hypotension. This is accompanied by further
depression of renal function, which in turn is responsible for more intract-
able vomiting and the development of the full-blown syndrome of prerenal
azotemia.
Because the patient with chronic nephritis is unable to elaborate a
concentrated urine, he must excrete large amounts of urine in order to
maintain a constant internal environment in the face of a capricious or indis-
criminate appetite. Encouraging these patients to drink is therefore an
important part of therapy. In patients who are not edematous this can be
done by the judicious administration of salt, preferably in salty foods or
drinks. If sodium chloride pills are prescribed, they should be taken with
meals to minimize gastric irritation and should not be enteric coated if
absorption is to be assured. The salt has two functions.-First, it stimulates
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thirst, increasing the intake and hence the output of fluids. Secondly, it
replaces sodium lost in the urine in excessive amounts by patients with
advanced nephritis.
The circle of dehydration, renal insufficiency, vomiting, and more
dehydration, can be set in motion by many things. The overnight obligatory
polyuria of chronic nephritis can initiate morning dehydration with associ-
ated nausea. If not combatted by a carbohydrate drink or a cup of hot milk
or coffee upon awakening, a bout of intractable vomiting may ensue. These
patients tend to be exceptionally queasy, and drugs or procedures which
cause nausea must be used with the utmost caution. Digitalis should not be
cavalierly pushed to toxicity. I recall a patient with chronic pyelonephritis
who became severely ill because of an ill-advised attempt to convert a
chronic auricular flutter with doses of quinidine pushed to the point of
vomiting and diarrhea. Similarly, hospital procedures which promote
dehydration should not be employed. A breakfast held until bloods are
drawn at 10 or 10:30 a.m., or overnight dehydration for a concentration
test, may start a serious chain of events in a patient balanced on the brink
of renal decompensation.
HYPONATREMIA
In addition to dehydration, with over-all contraction of body fluids, an
important cause of progressive uremia which can be successfully treated is
hyponatremia,' resulting from losses of sodium in excess of water. Patients
with damaged kidneys are especially prone to hyponatremia. When active
reabsorption of sodium by the renal tubules is impaired, sodium may be
"wasted" in the urine, even in the face of a falling serum sodium. This is
probably related both to proximal and distal tubular damage and to a
greatly increased flow of urine with an increased osmotic load in those few
nephrons untouched by disease.' "Salt-wasting nephritis" is not a specific
type of renal disease, but rather a manifestation of renal insufficiency,
regardless of etiology, in which kidneys continue to excrete sodium without
proper regard to the serum concentration of this ion.
In patients with or without underlying renal disease the loss of gastro-
intestinal secretions by vomiting or diarrhea may be an important cause of
sodium depletion. The loss of intestinal juices through draining fistulas or
constant suction may produce large electrolyte deficits in surgical patients.
During profuse sweating, as, for example, on the operating table, the loss of
water and salt through the skin may attain significant proportions. The
tendency to restrict salt in the postoperative period for fear of excessive
salt retention has sometimes resulted in cases of salt depletion with resultant
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uremia on surgical wards. Replacement of the fluid lost in such cases with
parenteral solutions containing no salt will restore extracellular fluidvolume
only at the cost of producing hyponatremia, hypotonicity, andoverhydration
of cells.
Sodium depletion may occasionally be produced by the injudicious use
of mercurial diuretics in patients with congestive heart failure, who are
eating a diet low in salt. Occasionally, a patient with cirrhosis and ascites
may develop signs of the "low-salt syndrome" when following abdominal
paracentesis there is a rapid reaccumulation of ascitic fluid. If salt intake is
restricted and these patients are allowed to satisfy their thirst with water
ad lib, hyponatremia, circulatory collapse, and renal insufficiency may
develop rapidly.
Regardless of how it is produced, severe hyponatremia per se profoundly
disturbs the circulation and the function of the kidneys. As Elkinton,
Danowski, and Winkler8 showed, salt depletion tends to reduce cardiac out-
put and lower arterial pressure. Plasma volume is contracted even though
total extracellular fluid volume may remain the same. Glomerular filtration
rate and renal blood flow fall. Although the urine flow is usually reduced,
uremia may develop with salt depletion even when urine volume is normal.
There is evidence to suggest that this is the result both of reduction in
glomerular filtration rate and of increase in tubular reabsorption or back
diffusion of urea. These patients are usually anoretic or nauseated and com-
plain of great listlessness and fatigue. Painful muscle cramps are not un-
common. As sodium depletion progresses, they may become confused,
somnolent and comatose.
Although the diseased kidney is particularly vulnerable to the effects of
sodium deficits, hyponatremia can produce uremia even in the absence of
underlying renal disease. Uremia produced entirely by salt depletion and
dehydration is rarely as severe as that resulting, at least in part, from
organic renal disease. However, NPN's of 80-100 mgm. per cent are not
rare, even in the absence of renal disease. Urinalysis is usually of little help
in differentiating the uremia of salt depletion and dehydration from that of
primary renal disease. A low specific gravity, albuminuria, and formed
elements in the urine may be found in both conditions. The contribution of
hyponatremia to renal insufficiency in a particular patient can therefore
frequently only be assessed by correcting the hyponatremia.
In order to restore to normal the concentration of serum sodium, sodium
must be administered in an amount necessary to restore osmolar concentra-
tion, not only in the extracellular space, but throughout total body water.
The reason for this is that any rise in the extracellular concentration of
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sodium causes water to shift out of cells to re-establish osmotic equilibrium.
This transcellular shift of water dilutes the sodium present in and confined
to the extracellular space. If our patient has a serum sodium of 120 mEq/L
and we want to give enough to restore it to 135 mEq/L, we would need
(135 - 120) X (Body water) = (15) X (60% of Body weight). In a
70-kilo patient, this would equal (15) X (60% X 70 kilos) = (15)
X (42) = 630 mEq. This should be given in a minimum volume of water,
as a 3% or 5% solution. If glucose in water is administered, or if the
patient is permitted to drink water, the effect of the hypertonic saline will
obviously be nullified. For this reason, fluids should be restricted for a day
or so after the hypertonic infusion is given. In any case, it is best to give
reparative fluids in divided doses rather than all at once.
The response to appropriate treatment is frequently striking. The patient
becomes more responsive and alert. His blood pressure rises and urinary
flow increases. The NPN begins to decline and may continue to fall for
several days. Unfortunately, not all patients can be expected to improve.
Some patients with extensive pulmonary disease have chronic hypona-
tremia.' In these patients, hyponatremia causes no symptoms; its correction
is therefore without apparent benefit. In patients with severe intractable
congestive heart failure who are massively edematous and hyponatremic,
the prognosis is usually poor. Although some do respond satisfactorily to
the injection of hypertonic saline, the majority do not. They merely dilute
their body fluids again and increase their edema when they are finally
permitted to drink water.
ALKALOSIS
Chronic alkalosis, as seen in patients with peptic ulcer who ingest
enormous amounts of sodium bicarbonate, may be associated with severe
reversible disturbances in renal function.' The mechanisms involved are not
completely understood. When alkalosis is induced and maintained over a
period of days or weeks, there is a fall in glomerular filtration rate and renal
blood flow, an increase in the NPN, a decrease in PSP excretion. and
impairment of the ability of the kidneys to concentrate the urine. These
functions slowly return to normal after the alkalosis is corrected. It is inter-
esting, incidentally, that a comparable degree of acidosis does not have a
similarly deleterious effect on renal function."3
POTASSIUM DEPLETION
The effects of alkalosis may in part be due to a concomitant depletion of
the body stores of potassium. Loss of body potassium is known to be harm-
ful to the kidneys. Rats kept on a low-potassium diet develop microscopic
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lesions in their kidneys and evidence of nitrogen retention.10 Patients with
chronic potassium depletion resulting from diarrhea may show renal and
cardiac lesions post-mortem, and during life may have a fixed urinary
specific gravity which returns to normal when their potassium stores are
repleted.u
Patients with pyloric stenosis, who vomit large quantities of acid stomach
contents or habitually ingest enormous amounts of reabsorbable alkali,
demonstrate strikingly how alkalosis and potassium loss can occur simul-
taneously, act synergistically to impair renal function, and act to perpetuate
each other. Alkalosis per se tends to promote a greatly increased renal
excretion of potassium.2 In association with a decrease in food intake and
food absorption resulting from vomiting, cellular stores of potassium can
be seriously depleted. This in turn promotes extracellular alkalosis in two
ways: by inducing a transfer of H+ ions from extracellular fluids into cells,'
and by impairing the ability of the kidneys to excrete an alkaline urine.'
These patients may be admitted dehydrated, hyponatremic, alkalotic, with
low serum chloride and high bicarbonate, and with an elevated NPN.
Despite systemic alkalosis and dehydration, their urine is usually acid and
of low and fixed specific gravity. It may contain albumin and casts. Cor-
rection of hyponatremia and of dehydration with saline usually results in
some improvement, but alkalosis and elevation of the non-protein nitrogen
frequently persist until potassium salts are added to the repair solutions.
Even then, although alkalosis rapidly disappears, renal function as
measured by blood NPN, excretion of PSP, and concentrating ability,
improves only slowly over a period of weeks and sometimes months.
Patients in this condition may have uremia fully as severe as that seen in
the terminal stages of chronic glomerulonephritis. NPN's as high as 225 mg.
per cent have been reported, with complete recovery by the end of a year.
HYPERCALCEMIA
Hypercalcemia, with increased excretion of calcium in the urine, can
damage the kidneys in three ways: (i) by stone formation, leading to
obstruction and infection in the lower urinary tract; (ii) by deposition of
calcium in the collecting tubules, in distal tubular cells, and in the inter-
stitial tissues of the kidney, producing the x-ray picture of diffuse nephro-
calcinosis; (iii) finally, hypercalcemia may be associated with impaired
renal function even in the absence of calcium deposition demonstrable
by x-ray.
Patients with peptic ulcer who have ingested large amounts of milk,
calcium oxide and calcium carbonate for years occasionally develop a syn-
drome consisting of an elevated serum calcium with normal serum phos-
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phorus and alkaline phosphatase, and metastatic calcification in the soft
tissues, the kidney, and the cornea and conjunctiva. If a low-calcium diet
is prescribed, there is slow regression of metastatic calcium deposits and
improvement in renal function. A reliable physical sign of this condition is
ocular calcification seen with a slit lamp in the cornea and conjunctiva. The
use of the new chelating agents,' which bind calcium and are excreted
rapidly in the urine, may become important in the treatment of metastatic
calcification, but their value is limited in the presence of renal insufficiency
because they are excreted much more slowly by damaged kidneys.
Two other disorders characterized by hypercalcemia which may produce
reversible renal insufficiency are Vitamin D intoxication and hyperpara-
thyroidism. Vitamin D intoxication has been seen most commonly as a by-
product of the treatment of rheumatoid arthritis with high doses of Vitamin
D. Fifty thousand units or over per day for as little as three months has
been reported to produce metastatic calcification and renal impairment
which improves to a variable extent when Vitamin D is withdrawn.
The loss of renal function associated with hyperparathyroidism may be
very extensive. Deposits of calcium in the kidneys may produce permanent
scarring and irreversible renal damage which may progress even though the
hyperparathyroidism is cured. When these advanced changes have not
occurred, the improvement in kidney function following parathyroid
resection may be dramatic.
ANEMIA
It is known experimentally that severe anemia not only places a load on
the circulatory system by increasing cardiac output, but also decreases renal
blood flow and glomerular filtration rate and promotes the formation of
edema.' In some patients with chronic nephritis and uremia the rapid and
recurrent development of anemia is the chief presenting problem. When the
hemoglobin falls below 7-8 gms. per cent, they experience palpitations,
become dyspneic and enfeebled, and may develop edema or angina while
renal function tends to deteriorate further. The anemia is usually normo-
cytic and normochromic. It has been shown that it is due not only to
depression of the formation of red cells by erythroid elements of the bone
marrow, but in some patients to an increased rate of destruction by hemoly-
sis." The anemia of renal disease does not usually respond to ferrous sulfate
and must be treated by periodic transfusions-not to a normal 14 gms. of
hemoglobin, but to the point where anemia no longer produces symptoms.
These patients have an increased tendency to develop transfusion reactions,
which may further damage their kidneys. To minimize reactions, trans-
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fusions should be of washed red cells and given slowly, with the tubing
warmed. The administration of cobalt chloride has been reported to pro-
duce reticulocytosis and a rise in the red count and hemoglobin in some
patients.' Unfortunately, effective doses of cobalt produce nausea and
vomiting in all but a few.
SELF-LIMITED CAUSES OF RENAL INSUFFICIENCY
In addition to those reversible causes of renal deterioration which can be
actively removed or improved by the physician, there are certain self-limited
causes of renal insufficiency in which the damage will resolve and a remis-
sion take place, if only the patient does not die in the meantime. In the
experience of every older clinician who has interested himself in such cases
there are recollections of patients at death's door, with papilledema, uremic
frost and uremic pericarditis, in coma, acidotic, with Kiissmaul respirations,
who recovered, left the hospital, and lived several years, sometimes appa-
rently without direct relation to any therapeutic effort on the part of the
doctor. For want of better understanding, some of these rare occurrences
may be thought of as acute exacerbations in the course of chronic nephritis.
The most common causes of acute, self-limited reversible renal insufficiency
are acute glomerulonephritis and acute tubular necrosis (lower nephron
nephrosis).
Acute tubular necrosis. The pathology of fatal acute tubular necrosis has
been described by Dr. Jean Oliver and associates.'7 As they point out, tubu-
lar necrosis and tubular disruption are not confined to the lower nephron,
but occur in spotty distribution throughout the kidney in all portions of the
proximal as well as the distal tubules. In addition to toxic necrosis of proxi-
mal tubular cells, in which the basement membrane is spared, permitting
regeneration, there is ischemic destruction and disruption of the entire tubu-
lar wall, including the basement membrane, creating actual holes in the
renal tubule through which tubular urine can leak back into the interstitial
fluid of the kidney.
Acute tubular necrosis26 may be caused by the ingestion of poisons such
as mercuric chloride, diethylene glycol, or carbon tetrachloride. More com-
monly in hospital practice it is seen following a period of shock in which
there has been extensive tissue destruction or hemolysis. Transfusion reac-
tions are perhaps the most common preventable cause of acute renal insuf-
ficiency with oliguria in a general hospital. The typical pattern is one of
profound reduction in urinary flow within a few hours of the precipitating
event. The onset of oliguria may be delayed for three or four days after
exposure to toxic chemicals like CC14. Although occasionally oliguria may
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be absent, or be so transient as to escape notice, it usually progresses until
a minimum flow, sometimes less than 50 ml. per day, is reached on the
second or third day. During the remainder of the oliguric phase, urinary
flow increases slightly but progressively from day to day until it exceeds
350-400 ml./day. Thereafter it increases more rapidly, and typically, though
not universally, there is a profuse diuresis. Despite the striking oliguria,
complete anuria over the course of two or three days is a rarity in this dis-
order and it should at least- direct attention to other possibilities-obstruc-
tion of both ureters, bilateral renal arterial occlusion, and acute glomerulo-
nephritis. The oliguric phase is usually over after 10 days to two weeks.
Cases have been reported with recovery after as long as 23 days of oliguria.
If urine volume remains below 300 cc. for longer than three weeks, it is
likely to be associated with other types of renal disease.
The chemical changes in the blood during the oliguric phase of acute
renal insufficiency vary considerably according to the state of the patient
prior to the acute insult, the amount of tissue destruction at the time of
injury, and the therapy the patient has received. If the patient has been
chronically ill or malnourished prior to having, say, a transfusion reaction
which precipitates oliguria, the NPN is likely to rise rather slowly, and
serum potassium may rise only slowly or not at all. An entirely different
picture is seen in previously healthy people-for example, in wounded
soldiers, who may undergo severe crushing injuries complicated by infec-
tion, prolonged periods of shock, and transfusion with huge quantities of
outdated blood. Here protein breakdown is tremendously accelerated, nitro-
genous wastes accumulate rapidly in the blood, and by the fifth to seventh
day the danger of potassium intoxication may be a very real one.
The therapeutic objective in the treatment of this form of acute renal
insufficiency is to maintain the patient in as good condition as possible until
the tubules can heal and diuresis can occur. The following simple principles
are important :n
I. Replace losses. A dilemma is frequently presented by a patient who
has had no urine for several hours following a procedure which may have
caused acute tubular necrosis (e.g., following postpartum hemorrhage) or
by a patient admitted to the hospital with no urine and no reliable history.
The question is whether or not to start immediately restricting fluids to
the daily insensible loss. The assumption is too frequently made that there
is in fact a state of acute tubular necrosis, when the reduced flow of urine
may result only from inadequate replacement of fluid and electrolyte losses.
Replacement of lost blood, rehydration of a contracted extracellular fluid,
correction of hyponatremia, and the provision of enough water to make
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urine may cause a gratifying increase in the urine flow and eliminate the
whole question of renal shutdown. If the urine flow does not increase,
nothing is lost. If the serum sodium is not low, and even if the patient does
not look obviously dehydrated, it may be advisable to infuse 1,000 cc. of
10%7 glucose over an hour or so as a therapeutic test.
II. Restrict fluids to insensible loss plus urinary and gastro-intestinal
losses. In an oliguric adult, without vomiting or diarrhea, this usually equals
about 750 to 1,000 cc. per day. A great danger during the oliguric period is
that of overhydration, with resultant peripheral and pulmonary edema. If
fluids are restricted, this danger can be minimized. At the same time, under-
hydration, which has its own deleterious effects upon the circulation, should
not be permitted to develop. All fluids which enter the patient must be
counted. WVe recently saw a case in which fluids were restricted carefully
to a liter of 10%o glucose a day, except for a slow drip of a liter of saline a
day containing nor-epinephrine. That was "for the blood pressure," but it
caused edema to develop nevertheless.
III. Minimize protein breakdown with an intake of at least 100 grams of
glucose per day. This can be done by infusing 750-1,000 cc. of 10-15%G
glucose, slowly and in at least two portions, morning and afternoon.
Whether or not greatly increased caloric intake in the form of fat is worth-
while in terms of protein-sparing action is still a subject for debate; how-
ever, since most of these patients sooner or later develop nausea and vomit-
ing, a really high caloric intake is frequently impossible.
IV. Treat potassium intoxication. Exactly when rising levels of potas-
sium in the serum become dangerous in terms of causing cardiac arrest is
somewhat unpredictable. It varies with serum concentrations of other elec-
trolytes, with the rapidity of the rise in serum potassium, and with other
and as yet unknown factors. It should be emphasized again that not all
patients with oliguria develop rising potassium levels; in the experience of
this department they have been notable by their absence. However, when a
serum potassium of 7 mEq/L or above, associated with high peaked T
waves in the electrocardiogram, occurs early in the oliguric phase, the
indication par excellence exists for dialysis on an artificial kidney or for
peritoneal dialysis. A high serum potassium may be depressed temporarily
by infusions of glucose, and its deleterious effects on the heart ameliorated
temporarily by injections of calcium salts or by infusions of hypertonic
saline. Potassium can be removed from the body by use of cation exchange
resins in the ammonium cycle, administered by mouth or rectum. This is an
uncomfortable, laborious procedure, which is rather inefficient as far as
65YALE JOURNAL OF BIOLOGY AND MEDICINE Volume 27, September 1954
removal of potassium is concerned, and is not applicable to patients with
abdominal wounds or operations.
Once diuresis is established, attention to the patient, far from relaxing,
should redouble. Urinary losses of water and electrolytes must be replaced
or hyponatremia and even hypopotassemia may develop. The NPN usually
continues to rise for several days. Hypertension may progress, cardiac
failure become prominent, pulmonary edema may occur, and convulsions
are not uncommon during the first few days of diuresis. Pyelonephritis,
frequently initiated by an indwelling catheter, often becomes a problem at
this time. Anemia is usually present and muscle wasting and weakness are
prominent.
If the patient survives the period of diuresis, renal function gradually
returns. Anemia gradually disappears; this does not seem to be accelerated
by administration of ferrous sulfate. In some patients the most careful
studies several months after discharge show no abnormality of renal func-
tion. In others, disturbances in ability of the tubules to concentrate urine
and to secrete PAH are apparent as long as a year after the acute injury.
Acute glonterulonephritis. The measures used to tide a patient over an
oliguric episode in acute glomerulonephritis do not differ from those
employed in acute tubular necrosis. Residual streptococcal infection of the
throat or elsewhere should be searched for and treated. Meticulous mouth
care is very important, since these patients are prone to develop infections
of the mouth and neck tissues and parotitis. If vomiting occurs, the patient
should be fed parenterally until there has been no vomiting for at least 24
hours. Even cracked ice given to a patient with nephritis who is vomiting
may only perpetuate the vomiting, deplete him of sodium, and cause
hyponatremia. Finally, since congestive failure is so frequent in acute
glomerulonephritis, the use of salt restriction and digitalization in the
presence of edema should be emphasized.
GENERAL THERAPEUTIC MEASURES IN RENAL DISEASE
Rest. The value of bed rest as an adjunct in the treatment of reversible
uremia has a physiological rationale in the increased renal blood flow and
rate of glomerular filtration which are known to occur while lying down as
opposed to sitting or standing up and walking about.' This may be impor-
tant in the appropriate case by supplying just that increment of renal
function which may be crucial in reversing renal decompensation.
Diet. The question of whether a diet low or high in protein should be
prescribed in chronic nephritis has been a controversy for years. It has been
suggested that a low-protein diet may permit resolution of reversible renal
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damage and retard further progression of renal decompensation.' Actually,
appetite is so poor in most of these patients and nausea such a frequent
complication that it is usually hard to get them to take a diet containing
normal amounts of protein. From a practical standpoint, therefore, the
question is whether to prescribe a diet containing >4 to Y2 gram of protein
per kilo per day, or a diet of 1 to 1>2 grams per kilo per day. Experimental
evidence bearing on the subject is conflicting."9 It is possible to accelerate
renal damage in partially nephrectomized rats by a diet very high in pro-
tein; however, the proportion of protein in these diets is far above what is
feasible to make a patient eat in a comparable clinical situation. Extremely
low protein diets also cause renal necrosis in growing rats. The level of
blood urea will undoubtedly be higher on a high protein diet than on a diet
low in protein, but a high blood urea per se does not cause symptoms and is
only important as an easily measured guide to the competence of the kid-
neys. Finally, it is obvious that chronic nephritis is a wasting disease and it
seems unwise to restrict protein and further starve a patient whose serum
and tissue proteins are already depleted. The reasonable attitude would
seem to be to permit patients to eat a normal diet as high in protein as they
have appetite for.
CASE ILLUSTRATIONS
The following case summaries illustrate two unusual causes of reversible
renal insufficiency. In the first patient, the correct diagnosis was not
appreciated and the patient died.
A 60-year-old man was admitted to the hospital in advanced uremia and acidosis,
with Kussmaul respirations and white uremic frost on his lip. His blood pressure was
normal; he was so emphysematous that his heart sounds could not be heard. The
temperature and white count were never elevated. Urine volume was 4-500 cc. per day.
Albuminuria was present and there were red cells in the urinary sediment. Despite
rehydration, digitalization, and treatment of a urinary infection with streptomycin, he
died after two weeks. At autopsy he had subacute bacterial endocarditis of his mitral
valve and severe associated nephritis.
The next case represents a gratifying example of a rare form of renal
insufficiency which has proved reversible.
A 40-year-old man was admitted with abdominal pain, nausea, and vomiting. His
blood pressure was 156/100. The urine showed albumin, red cells, and granular casts.
After overnight dehydration, its maximum specific gravity was 1.010. PSP excretion
was 6% in two hours. The NPN was 53 mgm. per cent on admission but rose in one
week to 122 mgm. per cent, during which time the patient became progressively more
disoriented. At this time his serum potassium was found to be at the dangerously high
level of 7 mEq./L. Serum calcium was found to be 16.7 mgm. per cent, with a serum
phosphorus of 3.7 mgm. per cent. A diagnosis of hyperparathyroidism was made.
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With forcing of fluids the blood NPN and serum potassium declined somewhat, but
x-ray and electrocardiographic evidence of pericarditis with effusion appeared. His
face became edematous and his lethargy, disorientation, and confusion did not improve.
He was operated on and a large parathyroid adenoma removed. Following operation
there was a striking improvement in his mental state. Serum calcium and phosphorus
returned to normal. His NPN fell to normal in one week and his excretion of phenol
red increased to 25% in two hours. There has been a progressive increase in his ability
to concentrate his urine, and six months after operation this function had returned to
normal. Albuminuria has disappeared. He is working and feels well.
SUMMARY
The prognosis in uremia is not necessarily hopeless. Treatable causes of
renal impairment include congestive heart failure, dehydration, infection,
obstruction, salt depletion, alkalosis, loss of potassium, and hypercalcemia.
In addition, there are self-limited reversible causes of renal failure which,
given time, may heal by themselves. Because of the nature of renal func-
tion, the rescue of a few nephrons, the salvage of a relatively small amount
of renal function, may make the difference between progressive deteriora-
tion, with rapidly advancing uremia, and renal compensation, with a gain
of months or years of comfortable and useful life for a grateful patient.
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